We have installed a new furnace equipped with a rotational viscometer for use in viscometry at high temperature (one atmosphere) under controlled oxygen fugacities. This furnace allows sampling at the time of the viscosity measurement. Utilizing this furnace, we examined the relationship between textural parameters (crystallinity and the apparent aspect ratio of crystals) and viscosity during cooling of a basaltic magma. The 1707 basalt from Fuji volcano was used for the experiment and the result shows a drastic increase in viscosity from the liquidus temperature (1230°C; η = 52 Pa s), through 1170°C (crystallinity = 11%; η = 350 Pa s), to 1130°C (crystallinity = 23%; η = 1950 Pa s). The increase in viscosity during cooling is affected by both the increase of the crystallinity and the change of melt composition as a result of crystallization. For the basalt from Fuji volcano, crystallization of thin tabular plagioclase enhanced the strong effect of crystal entanglement, whereas the changes of melt compositions did not affect the viscosity because of the increase of ferromagnesian components and the decrease of feldspathic component in the residual liquid during crystallization. The effect of the presence of crystals on the viscosity is much larger than that expected from the Einstein Roscoe equation with Marsh's constant (η = η0 (1 − ϕ/0.6) 2.5 ), where ϕ denotes the crystal fraction. The additional correction of Simha on the solid shape parameter slightly overestimates the increase in relative viscosity in the presence of thin platy crystals. A shear rate dependence of the viscosity was observed at lower temperature crystal rich conditions.
INTRODUCTION
The viscosity of magma is one of the most critical parameters of the various magmatic processes, such as magma segregation, magma uprise, crystallization differentiation, magma degassing and the mode of volcanic eruptions (Dingwell, 1998; Spera, 2000) . Natural magmas almost always contain some crystals, where the bulk viscosity is often estimated through simple equations such as the Einstein Roscoe equation (Marsh, 1981) . Pinkerton and Stevenson (1992) , among others, reviewed the methods of correction to obtain the bulk viscosity for melt + crystal systems and indicated that crystal size distribution and the aspect ratio of crystals, in addition to the proportion of crystalline matter, greatly affect the bulk rheological properties of magmas. Previous experimental studies of subliquidus viscometry on basaltic magmas mostly pay little attention to the composition and textures of the crystals and melts (Shaw, 1969; Ryerson et al., 1988; Pinkerton and Norton, 1995) . In the present study, we installed a new rotational viscometer to operate at high temperature and one atmosphere under controlled oxygen fugacity, which allows temporal sampling of the melt + crystal at the time of the viscosity measurement. Utilizing the viscometer, we examined the rheological behavior of high alumina basalt from Fuji volcano to obtain the relationship between textural parameters (crystallinity and the apparent aspect ratio of crystals) and viscosity during cooling of the system. The result shows a drastic increase of viscosity from liquidus temperature to subliquidus temperature, along with an increase of the percentage of crystals to 23% by volume. The phase compositions were obtained and viscosities were calculated utilizing the equations of Shaw (1972) and Einstein Roscoe with a parameter of Marsh (1981) . The calculated viscosities were compared with the observed ones to reveal discrepancies due to the application of the Einstein Roscoe equation for systems with tabular plagioclase (in the present experiments). The effect of crystal shape is also examined with an equation of Simha (1940) .
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EXPERIMENTAL METHODS
We used a newly installed atmosphere controlled furnace for viscometry. The furnace consists of vertical double spiral heating element of SiC, which is separated from the sample crucible by an alumina tube of 60 mm inner diameter. The temperature of the furnace was monitored and controlled by a thermocouple outside the heating element, that is calibrated against the temperature within the sample crucible. The temperature variation along the length of the sample location is within 5°C. The furnace atmosphere was controlled by a mixed gas of H 2 (10 ml/min) and CO 2 (400 ml/min), yielding a redox condition near the Ni NiO buffer conditions at the temperature of the experiment (Huebner, 1982) . The mixed gas was introduced at the bottom of the alumina tube and flew upward at a rate of ca. 2 3 mm/s in the tube. The top of the alumina tube was closed by ceramic plates, which are removed at the time when the rotating rod used in viscometry is being inserted, are roughly closed during the viscometry and opened again after the viscometry to pull out the rod for sampling of the basalt. The basalt sample at the tip of the rod was quenched in air and made into polished thin sections for electron probe microanalyses and textural analyses.
The viscometry was carried out using an electromagnetic rotational viscometer (Model TV 10U, Toki Sangyo Co. Ltd., Japan). The sample was placed in a Pt crucible, made especially for viscometry, with a 30 mm inner diameter, height of 60 mm, and a wall thickness of 1 mm. The depth of the basaltic sample was ca. 44 mm at the start of the experiment, decreasing to 38.5 mm after the run because of repeated viscosity measurement and sampling during the experiment. The depth of the sample at the time of each measurement was obtained by linear interpolation between the depths of the sample before and after the experiment. For rotational viscometry we used an alumina rod with a diameter of 6 mm. As will be described later, the alumina rod did not melt or react with the basaltic melt during measurement and sampling. One of the features of rotational viscometry is that the shear rate is not uniform within the sample. Figure 1 shows the velocity and strain rate for conditions of 10 rpm (rotations per minute), calculated after the equation of Landau and Lifschitz (1970) . The strain rate varies from 0.09 s 1 to 1.13 s 1 , a more than 1 order of magnitude variation of the strain rate in the rotational viscometry. Because of the non uniform shear rate in these experiments, the viscosity obtained may be dependent on the size of rod and crucible for the non Newtonian melt + crystal. The viscometer runs at constant rotation rate, and viscosity is obtained from the following equation, M = 4 πηΩ R 1 2 R 2 2 /(R 2 2 − R 1 2 ), where M is the moment, η is viscosity in Pa s, Ω is angular velocity, and R 1 and R 2 are the radii of rod and crucible, respectively. To account for the end effects of the rod and the depth of the basalt, we calibrated the system with standard viscosity oils (JS160000 and JS52000) against variations of the distance between the rod end and the bottom of the crucible, and of the depth of the sample. The standard oils of JS160000 and JS52000 have viscosi- Figure 1 . Velocity and strain rate profiles in the crucible for the rotational viscometer at 10 rpm, calculated after the equation of Landau and Lifschitz (1970) . Note the large gradient of the strain rate in the rotational viscometry of the present experiment. Temperature time schedule of the viscosity measurement R 3 of the present experiment. Viscometry and sampling were carried out after keeping the sample for ca. 1 3 days at constant temperature. The viscosity measurements at each temperature are designated R 3 1 at 1230°C, R 3 2 at 1210°C, etc. After the R 3 1 measurement and sampling, a small amount of the basalt powder was inserted into the crucible to facilitate crystal nucleation.
ties of ca. 148 and 42 Pa s at 20°C. respectively, and show Newtonian behavior (no dependence on the shear rate). Figure 2 shows the temperature time schedule of the experiment. The sample was first melted at 1230°C for ca. 70 hours and a viscosity measurement and sampling were carried out. The sample was then cooled by 20°C within 5 minutes, and kept for another ca. 20 hours. The sequence of stepwise cooling, holding at constant temperature for ca. 20 hours, viscosity measurement, and sampling was repeated five times down to 1130°C. At each temperature, viscosity measurements were carried out several times. Figure 3 illustrates the record of measurement at 1190°C, which consists of seven sequential sessions. Each session records the variation of viscosity at a constant rotation rate of the rod. Usually, the first session records a marked decrease of viscosity, which may be due to shear heating, the tendency for parallel alignment of plagioclase plates, or the tendency for melt to climb the rod (Shaw, 1969; Spera et al., 1988; Ryerson et al., 1988) . The significance of the temporal variations of viscosity in each session will be discussed later. After each measurement, the alumina rod was pulled out of the sample, quenched in air, and the basalt made into polished thin sections for electron probe microanalyses. This allowed determination of the melt and crystal compositions and textural features. Specifically after the viscosity measurement and sampling at 1230°C, we added a small amount of the basalt powder to the crucible to facilitate nucleation of crystals in the following measurements. The basaltic sample is composed of scoria fragments with phenocrysts of olivine (0.9 vol%) and plagioclase (0.4%) in the matrix of fine microlites of plagioclase, pyroxene, titanomagnetite and tachylyte glass. Without the seeding of nuclei to the melt, delays in nucleation may occur for several tens of centi degrees below the liquidus temperature, as experimentally demonstrated by Gibb (1974) .
EXPERIMENTAL RESULTS
Viscosity measurements
Viscosity measurements and sampling were carried out at the end of each temperature step. Figure 2 illustrates the temperature time schedule of the experiment R 3. Viscosity measurements at 1230°C, 1210°C, 1190°C, 1170°C, 1150°C and 1130°C are called R 3 1, R 3 2, R 3 3, R 3 4, R 3 5 and R 3 6, respectively. Each of the measurement consists of a sequence of six to eight sessions, which record the change of viscosity at constant rotational rate. The rotational rate is firstly increased from session to session and then decreased to obtain stable viscosity data. Figure 3 illustrates the seven sessions of the R 3 3 measurement. The first session (5 rpm) records a marked decrease of viscosity for the first several minutes. In session 1, we recorded a marked decrease of viscosity in the first several minutes at 5 rpm. From session 1 to 4, the rotation rate is increased from 5 rpm to 50 rpm, each recording the temporal change of viscosity. From session 4 to 7, the rotation rate is decreased from 50 rpm to 5 rpm, where viscosity is almost constant in each session. These data are used for discussion and The second and the third sessions (10 rpm and 20 rpm, respectively) also show a decrease of viscosity within the session, and the fourth session (at 50 rpm, the highest rotation rate) records the lowest viscosity. The rotation rate is decreased from the fourth session (50 rpm) to the seventh session (5 rpm) and the viscosity is almost constant within each of the sessions. Viscosity values increased from the fourth to the seventh sessions, which are employed for the following data presentation. Figure 4 demonstrates the shear rate dependence of the viscosity. At 1210°C, where there is only 1.3 vol% plagioclase, the viscosity is almost constant against the variation of the rotation rate from 5 to 50 rpm, whereas at lower temperatures, where there is a higher content of crystals, the viscosity apparently decreases as the rotation rate increases. At 1170°C, a factor of 1.23 increase of the viscosity was observed from 10 rpm to 1 rpm, and at 1130°C, a factor of 1.62 increase of the viscosity was observed from 6 rpm to 0.6 rpm of the rotation rate. Figure 5 shows the viscosity versus reciprocal temperature (K) of the Fuji basalt in the present experiment (solid circle). We used the viscosity values at the lowest shear rate for each measurement. The viscosity varies from 52 (= 10 Figure 6 shows the back scattered electron images of the products of the R 3 experiment. The pictures show only the glass of ca. 1 mm thick attached to the alumina rod. Plagioclase appears as a liquidus at 1227°C (Hara, 1991) , followed by olivine at 1130°C. The increase of the amount of plagioclase is slow initially, from 0 vol% at 1230°C to 3.6% at 1190°C, but becomes more rapid from 11.0 vol% at 1170°C to 23.2% at 1130°C. The maximum size of plagioclase crystals is apparently similar in all the runs, and number density of crystals increases at lower temperatures. Plagioclase crystals have a thin tabular form with a an apparent length/width ratio of 12.9 ± 1.8. They often show skeletal texture. Thin tabular plagioclase is generally aligned parallel to the tangential direction of the rotation of the rod. The plagioclase section parallel to the rotation direction shows a rhombic form with nearly equal width ratio and an intersecting angle of 128 130°. The angle is somewhat larger than the usually reported β angle of ca. 116° for plagioclase (Deer et al., 1992) . 23 exp (82700/T) with R = 0.99. Open squares represents the viscosity of melt calculated for the melt composition at each temperature after the equation of Shaw (1972) . Open circles illustrate the temperature effect on the viscosity of melt, calculated for the bulk composition at each temperature after the equation of Shaw (1972) . Subliquidus viscosity of Hawaiian picritic tholeiite (crosses) is after the experiments of Ryerson et al. (1988) . Dark areas with dots of darker pits are the alumina rods used for the viscometry and sampling. Table 1 shows the phase chemistry of the run products, together with the modal contents calculated by the least squares method and the results of viscometry. Figure  7 illustrates the compositional variations of the glass from the run products. The glass compositions in any one charge are mostly uniform, even very near to the alumina rod, indicating that there is a negligible effect of contamination from the rod. As the temperature decreases, the SiO 2 content of the glass is almost constant, varying from 52.5 wt% at 1230°C to 52.6% at 1130°C, whereas Al 2 O 3 decreases from 16.8% at 1230°C to 13.5% at 1130°C. The CaO content also decreases from 9.7 to 8.7 wt% while FeO * increases from 10.1 to 12.5 wt% from 1230°C to 1130°C. MgO firstly increases from 5.2 to 6.3 wt%, from 1230°C to 1150°C, then decreases to 5.8% at 1130°C due to the crystallization of a small amount of olivine in the 1130°C charge. The average plagioclase composition shows only limited change: #Ca (= Ca/(Ca + Na) mol) = 0.73 to 0.71 from 1210°C to 1130°C. The value of #Mg (= Mg/(Mg + Fe) mol) in olivine at 1130°C is 0.78.
Phase composition and mode
DISCUSSION
Basic features of the rotation viscometry at subliquidus temperatures
As illustrated in Figures 3 and 4 , the subliquidus basalt showed viscosity variations dependent on the elapsed time and on the rotation rate. These are discussed in this section and the next section. The time dependent viscosity variations shown in Figure 3 may be called thixotropy. This phenomenon may be relevant to the four problems pertinent to the present rotational viscometry: (1) shear heating, (2) concentration of crystals toward the outer part Shaw (1972) for each melt at the experimental temperatures. Analytical methods: The electron microprobe analyses were made at 15 kV and 12 nA. Full ZAF corrections were applied to the background corrected count ratios. The counting time was 20 s at peak position with 10 s for background on both sides of the peak, except for Na, for which 4 and 2 s are counted at peak and background wavelength. The crystals were analyzed using a focused beam but for glass analyses a beam diameter of ca. 10 μ m was used. Standards used for quantitative analyses were pure synthetic oxides for Si, Ti, Al, Fe, Mn, Mg; CaSiO 3 for Ca; NaCl for Na; and natural adularia for K. Viscosity measurement of subliquidus magmas: 1707 basalt of Fuji volcano of the container due to flow differentiation, (3) normal stress causes the basalt to rise up the rotating rod and (4) parallel alignment of plagioclase lath. Shear heating may increase the temperature, which in turn decreases the viscosity during rotational viscometry. The amount of shear heating has been evaluated by an equation discussed by Spera et al. (1988) . The temperature increase was estimated to be less than 1°C increase and may be ignored in the present experiments.
Because of the variation of shear rate in the radial direction of rotational viscometry, crystals tend to move toward areas of low gradient of shear rate; i.e., the outer part of the crucible. Komar (1972) discussed the flow differentiation in dikes, and suggested that the grain dispersive force active on the solids in a gradient of shear rate tends to bring the larger grains toward locations with a lower gradient of shear rate. R 3 6 in Figure 6 shows that plagioclase tends to be sparse near the rotating rod, in accord with the prediction that the solid tends to move away from the rotating rod. Although we have no quantitative means to evaluate the effect of flow differentiation on the temporal variation of viscosity of the subliquidus magmas, the apparent similarity of the modal content of crystals in Figure 6 , representing basalt very near to the rod, with the calculated mode (Table 1) suggests that the effect of flow differentiation may not be large enough to fully explain marked decrease of viscosity in the first session of the measurement. Shaw (1969) and Spera et al. (1988) discussed the normal stress on the melt surrounding the rotating rod. This was actually observed when we performed calibration of the crucible/rod system with standard oils, with the result that oils tends to climb up the rod at higher rotation rate (> 50 rpm). Most of the measurements on basalt were carried out at a lower rate so that this effect was minimized.
As noted in Figure 6 , plagioclase crystals have a thin tabular form and tend to show parallel alignment to the rotational direction. This is caused by the gradient of the shear rate around the rotating rod, like imbrication of tabular fragments in sediments. This effect may weaken the interaction of the plagioclase and decrease the apparent viscosity of the magma (Manga, 1999) .
These characteristics pertinent to the rotational viscometry of the present study may affect the apparent time dependent viscosity of the magma. As illustrated in Figure 3 , the first session of viscosity measurements the result of viscometry recorded a marked decrease of viscosity during the first several minutes. Viscous heating, flow differentiation, melt climbing the rod and parallel alignment of plagioclase plates may each cause a decrease of viscosity during rotational viscometry. Crystal movement toward the outer part of the crucible and melt climbing the rod may decrease the apparent viscosity during measurement but their effects are not large and cannot account for the observed decrease of the viscosity. The most likely explanation of the temporal decrease of the viscosity is the change of texture of crystals due to alignment of plagioclase plates. Another possible cause of the temporal decrease of the viscosity in the first session of R 3 3 is the thixotropic behavior of the liquid phase. However, the nearly Newtonian behavior of near liquidus melt (Fig. 4) and the similarity of the composition of the melt for liquidus and subliquidus conditions (Table 1) suggest that this is not the case, and textural change during rotational viscometry may be the most likely cause of the marked decrease of viscosity during the first session of the viscosity measurements.
Non-Newtonian behavior of the basaltic melt
As illustrated in Figure 4 , near liquidus basalt at 1210°C shows Newtonian behavior, whereas basalts at lower temperatures (1170°C and 1130°C) with higher crystal contents (11 23 vol%) show non Newtonian behavior. A lower shear rate causes an increase of the viscosity, and a one order of magnitude decrease of the rotation rate caused a factor of 1.62 increase of viscosity at 1130°C. This is called shear thinning. The shear rate dependence of subliquidus magmas has been noted by previous experimental studies. Webb and Dingwell (1990) conducted fiber elongation experiments on silicate glasses and showed that the strain rate dependence of shear viscosity only occurs at high strain rate. This observation, however, is related to the structural relaxation of silicate melt and is not relevant to the non Newtonian feature observed in the present work, in which interaction of suspended solids is the main factor causing the non Newtonian behavior. Lejeune and Richet (1995) showed by experiment that interaction of spherical garnet crystal caused slight shear thinning behavior at high crystal contents (> 40 vol%). Pinkerton and Norton (1995) conducted subliquidus viscometry on Etna basalt, in which plagioclase was the liquidus phase. The basalt showed Newtonian behavior at temperatures above 1120°C, but became non Newtonian with some yield strength at lower temperatures. The present experimental data are slightly different from the previous experimental observations, i.e., no yield strength was observed and a shear rate dependence of viscosity was observed at crystal contents of 10 23 vol%. The present experimental results suggest that in utilizing the rheological data to simulate basaltic lava flows, a shear rate dependence of the viscosity should be taken into account. The non Newtonian behavior is intimately related to the Bingham behavior of magma, in which yield strength creates a threshold for the start of fluidal movement of magmas. Hoover et al. (2001) demonstrate that the yield strength occurs at much lower crystal fractions (ca. 0.1 0.2) for thin prismatic kaolin suspensions compared with spherical poppy seed suspensions (ca. 0.5). This points to the importance of the crystal shape on the rheological properties of crystal suspensions. Ryerson et al. (1988) noted the presence of yield strength in Hawaiian picrites, in which near spherical olivine was crystallized in abundance. The present work utilized a rotational viscometer with constant rotation rate, so that it did not afford data on the yield strength of magma with plagioclase plates. It is likely that the presence of thin tabular plagioclase caused the non Newtonian behavior in the subliquidus conditions, as shown in Figure 4 . The non Newtonian behavior of plagioclase bearing magma may be relevant to the flow behavior of basaltic lava flows. Cashman et al. (1999) noted that the Pahoehoe to Aa transition of Hawaiian basalt lava flow corresponds to the increase of plagioclase lath from 15 (interior) to 40 (surface) vol%, which caused disruption of the surface of the lava because of the high yield strength required for flow. Present experiments are limited to lower crystallinity conditions, but the increase of the shear thinning behavior at higher crystal content is consistent with this idea of Cashman et al. (1999) , and may facilitate understanding of the behavior of basaltic lava flows. Figure 5 illustrates an approximately 40 fold increase of viscosity over a 100°C decrease of temperature (from 1230°C to 1130°C). The increase of the viscosity may be caused by three factors; i.e., a decrease of temperature, a change of melt composition as a result of crystallization or an increase of crystallinity. We now evaluate these factors with respect to the change of viscosity of the melt + crystal system. Although there are models of non Arrhenian equations for melt viscosity over wide temperature ranges (Taniguchi, 1995; Giordano et al., 2003) , melts of near liquidus conditions may follow Arrhenian relations; i.e., a linear relation of log η and 1/T (K) (Bottinga and Weill, 1992; Shaw, 1972; Goto et al., 1997) . We calculated the temperature effect on the melt viscosity by the equation of Shaw (1972) , assuming a constant melt composition of the bulk, shown as open circles in Figure 5 . The viscosity increases by a factor of only 4 from 1230°C to 1130°C, and accounts for only 10% of the observed increase of the viscosity of the subliquidus basalt.
Temperature dependence of the viscosity of subliquidus basalt
Utilizing the glass compositions in Table 1 , we calculated the viscosity of the melt at the temperature of the measurement. Open squares in Figure 5 show the values of the viscosity of the melt that were obtained. These show an increase of the viscosity by a factor of only ~2 from 1230°C to 1130°C. This is mostly because the crystallization of plagioclase increases the ferromagnesian component and decreases the feldspathic component in the melt (Fig. 7) . Therefore, a factor of 37.5 increase of the subliquidus magma from 1230°C to 1130°C is mostly accounted by the presence of plagioclase plates. The data are obtained in the later sessions of the measurements (Fig.  3) when the plagioclase plates are probably aligned parallel to the rotational directions.
Comparison with Einstein-Roscoe equation
In crystal + melt systems, the effects of crystals are generally expressed by the Einstein Roscoe equation; i.e., ηr = η/ηm
, where ηr is the relative viscosity, ηm is melt viscosity, ϕ is crystallinity, and σ is a constant (Roscoe, 1952) . Marsh (1981) pointed out that σ may reach 0.6, suggesting that a crystal fraction of 0.6 corresponds to the rigid state of the crystal + melt system. The resulting equation, η/ηm = (1 − ϕ/0.6) 2.5 , is often used to estimate the effect of crystals on the relative viscosity in the simulation of natural magmas. Lejeune and Richet (1995) noted that their experimental data on spherical garnet + melt system is neatly explained by this equation. Figure 8 , which compares the present experimental results with the Einstein Roscoe equation incorporating Marsh's constant, illustrates a marked departure of the data from the equation. When we fit the equation of Einstein Roscoe to the present experimental data, we obtain a value of the constant σ of 0.3, indicating that entanglement of thin plates of plagioclase may become rigid at a crystallinity of ca. 30 vol%. This is similar to the critical rigidity threshold of crystal mesh in basaltic samples examined by Philpotts and Carroll (1996) and Hoover et al. (2001) , who showed that heating of a basalt cube caused collapse of the cube after melting only 65 80% of the basalt; i.e., a crystallinity of 0.20 0.35.
The departure of the experimental data from the Einstein Roscoe equation may be related to the morphology of the crystals or their size distribution (Pinkerton and Stevenson, 1992) . Simha (1940) derived a theoretical equation of the effects of non sphericity on the relative viscosity of crystal suspensions and gave approximate equations for large axial ratios. For thin disks (axial ratio: f = a 2 /a 1 ), the relative viscosity is expressed as ηr = 16f/15tan 1 f. For the axial ratio of 12.9, which is the measured average axial ratio of the experimental plagioclase, the relative viscosity becomes 9, which is slightly larger than the observed relative viscosity (4 5 times relative to the values of Einstein Roscoe equation with a parameter of Marsh, Fig. 8 ). The slightly smaller relative viscosity in the present experiment may be caused either by dispersion of the crystal size or by the parallel alignment of plagioclase plates in the viscosity measurements. The original equation of Simha (1940) assumed random orientation of anisotropic ellipsoidal solids, whereas parallel alignment of the solids may decrease the apparent viscosity of the system (Manga, 1999) . Although the present experiment showed an example of the effect of plagioclase plates on the viscosity of subliquidus magma, a general formulation of the effects of textural features on the viscosity of subliquidus magmas requires further experimental work under various conditions and starting materials with different crystal textures. Shaw (1972) . The dotted bold line shows the Einstein Roscoe equation with a constant of 0.6 (Marsh, 1981) . It is noted that the observed relative viscosity is markedly larger than the calculated viscosity, which assumes the presence of spherical solids. See the text for further discussion.
to 1130°C increased only by a factor of ca. 2, indicating that the 37.5 fold increase of the viscosity of bulk basalt is mostly due to the presence of thin tabular plagioclase. 2. The relative viscosity crystallinity relation obtained in the experimental results is larger by a factor of 4 5 than the calculated values using the Einstein Roscoe equation with a parameter value from Marsh (η /η m = (1 − ϕ/0.6)
2.5
). The discrepancy may largely be due to the effect of entanglement of thin tabular crystal shape of plagioclase. 3. A tendency to non Newtonian shear thinning increases as the crystal content increases in the Fuji basalt.
